Despite repeated emphasis in the Dietary Guidelines for Americans on the importance of calcium in the adult American diet and the recommendation to consume 3 dairy servings a day, dairy intake remains well below recommendations. Insufficient health professional awareness of the benefits of calcium and concern for lactose intolerance are among several possible reasons, This mini-review highlights both the role of calcium (and of dairy, its principal source in modern diets) in health maintenance and reviews the means for overcoming lactose intolerance (real or perceived). Adv. Nutr. 4: 151-156, 2013. 
Introduction
The Dietary Guidelines for Americans (DGA) are published every 5 y with the intent both to inform the American public and to improve the adequacy of their food intakes (1, 2) . The explicit presumption is that adequate nutrition is essential for extending life span, promoting health, and reducing the risk of many chronic diseases. It is disappointing to realize that the public seems to be unmoved by this message. Certain nutrients, labeled "nutrients of concern," have consistently been identified, time after time, as being inadequately consumed across broad swaths of the population, despite the use of various visual devices (pyramids and plates) intended to make the recommendations concrete. These concerns date back to at least 1990 in the federal government's 10-y plan "Healthy People 2000" (3) .
One of those persisting shortfall nutrients is calcium, the importance of which was highlighted as far back as the 1984 Consensus Development Conference on Osteoporosis (4), reiterated in the 1994 Consensus Conference on Optimal Calcium Intake (5) , and emphasized once again the 2004 Surgeon General's Report on Bone Health and Osteoporosis (6) , which notes explicitly: "Calcium has been singled out as a major public health concern today because it is critically important to bone health and the average American consumes levels of calcium that are far below the amount recommended for optimal bone health." Dairy foods, particularly fluid milk, yogurt, and cheese, are the principal sources of calcium in the diets of the industrialized nations, and without a high dairy diet, it is difficult to come close to recommended calcium intakes. In its 1995 edition, the DGA recommended 2 to 3 servings of dairy foods per day for every American older than 9 y of age (7), a figure that was increased to 3 full servings in the 2005 edition (and carried forward into the 2010 as well). The Dietary Guidelines Advisory Committee stressed, in its emphasis on dairy intake, that it was not just calcium that was at issue, but a multitude of other nutrients as well (2) . They noted, specifically, that it would be difficult to reach the recommended potassium intake without 3 servings of dairy in the diet.
This mini-review has as its purpose a reaffirmation of the importance of calcium (1,2,4-7), citing, in particular, several less well recognized benefits of an adequate calcium intake. Its goal is also to give health professionals a concise summary of the state of the science and some practical hints on how to help the public improve their calcium intakes.
Calcium intake and diet adequacy
The importance of adequate calcium intake is demonstrated directly in studies of the total dietary adequacy of individuals who either do or do not come close to the recommended calcium intake (8, 9) . Data from 1 of these studies (8) , reproduced here as Figure 1 , show clearly that calcium intake is actually a marker for dietary adequacy. Women failing to ingest at least two thirds of the recommended calcium intake each day (Fig. 1A) were~5 times more likely to have a poor diet, overall, than women ingesting at least two thirds of the recommended calcium intake (Fig. 1B) . This linkage, as is 1 Preparation of this paper was supported by Creighton University Research Funds and by an unrestricted educational grant from the National Dairy Council. 2 Author disclosure: R. P. Heaney, no conflicts of interest.
* To whom correspondence should be addressed. E-mail rpheaney@creighton.edu. generally recognized, is due to the fact that dairy foods are a rich source, not just of calcium, but of many nutrients, of which potassium, vitamin B-12, riboflavin, magnesium, phosphorus, and protein are the principal examples. (With the fortification of fluid milks with vitamin D for the past three quarters of a century and the recent trend to fortify yogurt and cheese as well, vitamin D must also be added to that list.) Table 1 lists the percentage of the current daily values for 9 key nutrients that would be provided by 3 servings of milk (or some yogurts) each day. If those dairy servings were of the low-fat variety, those impressively high fractions of total need would be met at an energy intake of <300 kcal. It is immediately apparent why a low-dairy diet runs a substantial risk of being a poor diet overall, as Figure 1 documents.
It should be noted in passing that a single additional serving of dairy by these women would have salvaged most of the diets otherwise labeled "poor" (8, 9) . By contrast, although there is clearly a role for calcium supplements in rounding out an otherwise adequate diet, the data of Table 1 make abundantly clear why calcium supplements alone are not a solution to the problem. Adding 300-500 mg calcium per day in the form of a supplement to the diets of those classified as poor in Figure 1 does very little to budge that poor status. In fact, as is discussed in the following, there is reason to question whether that extra calcium can produce its full benefits in the absence of some of the other nutrients that would automatically be ingested along with the calcium of dairy.
Despite the strength and clarity of this evidence and a huge body of similar studies, per capita dairy consumption has stubbornly resisted change. In NHANES 2005-2006, milk and yogurt consumption totaled 1.02 servings per day for all adults, with the value for women being a mere 0.93 servings per day (10) . Dairy industry figures, which include more recent data (11) , show that per capita consumption of milk (in pounds per person per year) was 605 in 2005 and just 604 six years later (2011). Perhaps the relative stability of dairy intake over the past 7 y could be considered evidence of some small success of the promotion of milk intake by advertising efforts such as the "Got Milk?" campaign, as long-range data show an otherwise steady reduction in U.S. dairy intake dating back to the late 1940s. Still, halting a decline is not the same thing as reversing it, and the DGA clearly call for the latter. Moreover, there is evidence that the downward trend in dairy intake is continuing in a particularly vulnerable sector of the population. Total school milk consumption has declined by nearly 4% from 2008-2009 to 2011-2012, despite a small increase in enrollment (12).
There are many factors that contribute to low dairy intake, including the extensive promotion of carbonated beverages (the per capita intake of which has increased >3-fold over the same 60-y period during which dairy intake has decreased), the decline in the practice of families having common meals, animal rights activism that has demonized use of animal products, the ignorance of health professionals as a group concerning the importance of dairy in ensuring dietary adequacy, and the perception of dairy intolerance by many members of the general public. Other reasons could be cited as well, but of them all, perhaps the 2 that are most readily susceptible to correction are the level of health professional knowledge and the issue of lactose intolerance. These 2 reasons are, in fact, closely linked, as improved awareness of the importance of adequate calcium intake would help inform the professional's approach to the management of patients who complain of milk intolerance.
Health benefits of calcium and dairy
Although the importance of an adequate calcium intake has been summarized many times over the past 30 y (4-6,13), there still seems to be less-than-adequate awareness in the professional community of both calcium's benefits (which extend well beyond bone) and the food sources that might help an individual reach recommended intakes. Figure 1 Diet scores for 272 premenopausal women who either did (B) or did not (A) achieve a daily calcium intake of at least 67% of the daily value. Scores were computed by giving a value of 1 to each of 9 nutrients if intake was at least two thirds the recommended levels and a value of 0 if intake was less. Median quality score for those who had a calcium score of 1 was 8 (out of 9), whereas it was 4 (out of 9) for those who failed to average 67% of the daily value for calcium. Redrawn from the data of Barger-Lux et al. (8) . Reproduced with permission. 
Bone health
The connection between calcium intake and bone health is intuitive (6) . Calcium is the principal cation of bone, and without an adequate intake, it is not possible either to build or maintain a fully normal skeletal mass. But in addition to its importance for bone mass, there is a less well recognized, but actually probably more important, mechanism by which adequate calcium intake protects against osteoporotic fracture. Low calcium intake always induces an increase in parathyroid hormone secretion, and even when bone mass is nominally adequate, the effect of parathyroid hormone is to increase the rate of bone remodeling on trabecular surfaces (14) . Resorption cavities into the sides of thin trabecular struts greatly weaken the entire strut, out of all proportion to the small reduction in bone mass. Reducing this remodeling activity directly lessens this particular source of fragility. This reduction in remodeling is probably the reason fracture risk begins to decrease immediately after starting calcium supplementation in those trials that have demonstrated an antifracture benefit of calcium and vitamin D. Figure 2 illustrates this point. It shows the cumulative probability of nonvertebral fracture in a group of healthy older adults given both calcium and vitamin D supplementation (15) . As can be seen, the regression lines through the points of the fracture incidence curves diverge from the very origin, well before there would have been time to increase bone mass sufficiently to reduce fracture risk.
This same study reveals a second important feature about the relationship of nutrition and bone health. In a secondary analysis of the original data, the investigators showed that bone loss in the placebo group was directly related to protein intake, that is, the greater the protein intake, the greater the bone loss (16) . This may have been a reflection of the effect of protein on urine calcium excretion, occasionally reported (17) . However, as protein intake increased, the calciumtreated arm of the study exhibited the opposite behavior. In the bottom 2 tertiles of protein intake [i.e., up to 1.16 mmol protein/(kg $ d)], calcium essentially arrested bone loss. As repeatedly observed (6) , it protected the skeleton. By contrast, the top tertile of protein intake in the calcium-supplemented group exhibited a substantial gain in bone mineral density.
It had long been a puzzle that, although calcium protected against bone loss, it did not seem able to restore lost bone (as iron supplements can restore lost hemoglobin). This positive interaction of calcium and protein, which has been confirmed in an independent data set (17), offers a possible explanation. Bone consists of protein as well as mineral; in fact, bone is w50% protein by volume. Bone proteins undergo extensive posttranslational modification as new matrix is synthesized and deposited. When that bone is later remodeled and its components are disassembled, the calcium and phosphorus can be recycled to provide mineral for other bone sites, currently in their forming phase. But many of the amino acids, having been modified, cannot. Thus, optimal new bone formation requires not only mineral, but a continuing supply of fresh dietary protein as well.
Dairy sources of calcium automatically provide both the needed mineral and the high-quality protein essential for maintenance of peak bone mass. Although it is yet to be shown prospectively that the combination of protein plus calcium can reverse the bone loss of osteoporosis, the data of Dawson-Hughes and Harris (16), described earlier, certainly raise that possibility.
Extraskeletal actions
Calcium, like most nutrients, is necessary for the optimal function of most body systems (18) . Just a few instances need be cited here. The first relates to intraluminal functionality of unabsorbed calcium in the gut and the second to systemic effects of calcium (and particularly dairy intake) on blood pressure, insulin sensitivity, and the other components of the metabolic syndrome.
Intraluminal gut effects. It is not commonly recognized that calcium absorption efficiency is actually quite poor, with net absorption averaging just 10%-11% of intake (19) . This is partly a reflection of the fact that the ancestral calcium intake of the primates was high, and human physiology seems better adapted to prevent calcium intoxication than to deal with calcium deficiency. However, the unabsorbed calcium in the gut lumen is not simply wasted; specifically, it binds with potentially harmful products of digestion, such as unabsorbed fatty acids and bile acids, which when uncomplexed with calcium serve as cancer promoters in the colon. High calcium intakes, by binding those promoters, reduce the colon carcinogenic effect of known carcinogens in animal models (20) . Presumably acting by a similar mechanism, calcium supplements have been shown to reduce the recurrence rate of colon polyps in humans (21) . Unabsorbed calcium forms complexes also with oxalic acid present in the digestate and renders it unabsorbable. Hence, not getting into the body, it does not have to be cleared through the kidneys. Urine oxalate is recognized as a potent stone-forming factor, and although the majority of urine oxalate is of endogenous origin, it nevertheless seems that the reduction in oxalate absorption from the gut is sufficient to reduce stone recurrence rates substantially (22) .
Systemic effects. Adequate calcium intakes also have been shown to exhibit systemic effects, such as lowering blood pressure (23, 24) and reducing the risk of preeclampsia (25) . High calcium intakes, and specifically high dairy intakes, augment weight loss in calorie-reduced diets (26, 27) , and high dairy intakes are associated with substantially reduced risk of all of the features of the metabolic syndrome (blood pressure, insulin resistance, and obesity) (28, 29) . The literature on these topics is vast. My purpose here is simply to highlight the well-attested fact that low calcium intakes impair the functioning of many systems, not just bone.
Lactase nonpersistence, lactose malabsorption, and lactose intolerance
As noted at the outset, one of the reasons for failure to meet the recommendations of the DGA is milk intolerance. Is this a substantial problem, and, if so, what might be done about it?
Milk sugar, lactose, is a disaccharide that, to be absorbed across the intestinal mucosa, must be hydrolyzed into its component simple sugars (glucose and galactose). This split is accomplished by an enzyme, lactase, produced in the intestinal mucosa of essentially all young mammals (as lactose is the principal carbohydrate of mammalian milks). However, the production of lactase by mucosal cells decreases with age in most humans, and this decrease is particularly prominent in individuals of East Asian and African extraction. From 65% to 85% of adults of these races lack sufficient lactase to digest the lactose that would accompany the DGA's recommended 3 servings.
The absence of adequate hydrolysis of lactose in the small intestine (where the enzyme is normally active) results in movement of undigested lactose into the distal bowel, where bacteria ferment the sugar, sometimes producing gas and symptoms such as cramps, bloating, flatulence, and diarrhea. The low level of lactase activity in the adults of much of the human race is termed lactase nonpersistence, and the fact that lactose is not hydrolyzed in the small bowel is termed lactose maldigestion. Lactose maldigestion is diagnosed medically by feeding a load of lactose by mouth and measuring breath hydrogen (one of the byproducts of bacterial fermentation of undigested lactose). If appreciable symptoms are produced in the process, the condition is termed lactose intolerance.
The lactose load used in tests to establish the fact of maldigestion has varied over the years, originally being close to the amount that would be delivered by ingesting a full quart of milk at a single sitting. Such large loads led to overdiagnosis of intolerance because actual intolerance is less likely to occur at lactose loads on the order of a single serving of milk (12 g lactose). This point highlights a key feature of lactose intolerance, namely, that it is a load phenomenon. Lactose loads <6 g (equivalent to one-half serving of milk) do not elicit symptoms, even in frankly intolerant individuals (30) . Understanding this relationship to load is helpful in diagnosing patients who report abdominal distress. If that distress is produced by milk servings as small as a tablespoon or 2, then it is unlikely that lactose maldigestion is the cause of the patient's symptoms. The term lactose intolerance, when applicable, is justified solely by the fact of maldigestion, which, in turn, is due to lactase nonpersistence. This understanding is of critical importance in any attempt to deal with the problem of lactose intolerance because the available regimens are all predicated on lactase nonpersistence.
Nicklas et al. (31) , in an analysis of a nationally representative group of European American, African-American, and Hispanic adults reported that only 12%-13% had actual symptoms of lactose intolerance, despite the fact that the real prevalence of lactose maldigestion must have been several times higher. The symptomatic group could, presumably, be adequately handled by the measures that are described in the following, all of which are directed at the issue of lactase nonpersistence. The other 87%-88%, despite whatever degree of lactose maldigestion they may have, need no management at all, simply because they have no intolerance to be managed.
Unfortunately, the foregoing scheme is a less than fully adequate characterization of the situation, as many individuals who complain of what they consider to be lactose intolerance cannot be shown to have lactose maldigestion, and the basis of their complaints is thus uncertain. In a recent report from Italy (32), lactose maldigestion and lactose intolerance were found to be unrelated, with lactose maldigestion reported in 18% of 102 patients, and lactose intolerance in 29%. Many of the latter did not have lactose maldigestion. The principal distinguishing characteristic of the individuals with apparent intolerance, as reported by the investigators, was increased somatic awareness. Milk protein allergy, which could be a cause of symptoms that might be thought to be lactose intolerance, is another entity entirely and, so far as is known, is much less common than lactose intolerance. Hence it is unlikely to account for apparent intolerance without maldigestion. The allergy problem is not load dependent and, as with other food allergies, can result in severe symptoms on even very small exposures.
It is useful to understand that the principal health consequence of lactose intolerance is reduction of calcium intake brought about by milk avoidance. Unless adequacy of calcium intake is ensured by nondairy sources, the result is reduced bone density (33) (34) (35) and increased fracture risk (34) . Calcium absorption itself is not affected by lactose intolerance or maldigestion (36, 37) . Thus, the health professional's goal is to find a way to increase dairy consumption in intolerant individuals.
The management of lactose intolerance due to lactose maldigestion has been described in detail elsewhere, perhaps most definitively in an NIH Consensus Development Conference on the topic (38) . Individuals with symptoms of intolerance fall into 3 broad categories: 1) those who do not like milk and probably would not drink it even if they were not intolerant; 2) those who would like to drink milk occasionally, but probably would not meet the DGA's 3-serving recommendation; and 3) those who like milk and would prefer to be able to drink it regularly. The first group requires no management, beyond finding alternative ways to meet their nutritional needs for calcium and the other nutrients that would otherwise be found in dairy. Hard cheeses (which are low in lactose) and active culture yogurts (which help with lactose digestion) are ways to do that within the dairy "franchise." The second group also has the cheese and yogurt option, and, when they drink milk, can do so without symptoms if they choose lactose-free milk or take with their milk an over-the-counter tablet containing lactase (thereby supplying what their own intestine and its flora lack). Lactose-reduced and lactose-free milk, as well as lactase tablets, are readily available in grocery stores and/or pharmacies.
For the third group, the demonstrated best solution is to build up tolerance gradually over a period of as little as 2-3 wk. There are several factors in tolerance buildup, but probably the most important is the fact that lactose-containing meals favor the development of an intestinal flora that contains its own lactase, doing for its host on a regular basis what the lactase tablets do for the sporadic milk drinker (and at no out-ofpocket cost). Because of the short generation time of the intestinal bacteria, when lactose is present in the intestinal lumen, a small population of lactase-containing bacteria can outcompete the lactase-free forms within a period of just a few days, leading to the presence of an intestinal biome with sufficient lactase potential to handle its host's dairy consumption. One proven way to accomplish this buildup is to add a half-glass of milk to 1 meal on the first day, a half-glass to each of 2 meals on the second day, etc., gradually increasing intake day by day. This strategy has been shown to reduce or stop entirely hydrogen gas production, thus abolishing the basis for intolerance (39, 40) . Consuming milk with a meal slows release of lactose into the small intestine, and hence reduces the load to be digested at any given time, thereby decreasing the potential for intolerance. Some investigators report that chocolate milk is better tolerated than white, although the reason is unclear. Those with extensive experience managing patients with intolerance report that virtually every patient can be drinking 3 full servings a day within 2-3 wk of starting this regimen (41) .
Additional measures that may be helpful include the use of probiotics that favor colonization with lactase-containing organisms and reliance on live-culture yogurts and hard cheeses (which are essentially lactose free) for 1 or more of the DGA's recommended 3 servings.
A subset of individuals who once drank milk regularly and find now that they are intolerant consists mainly of adults who have recovered from a major illness or injury, often involving use of potent antibiotics. Probably most of these individuals had lost their own intestinal lactase years earlier, but because they continued to drink milk, they maintained a lactose-producing intestinal flora and did not realize that they were intrinsically lactase nonpersistent. However, it is likely that their lactase-producing organisms had been eliminated in the treatment of their recent illness. Re-establishing a normal flora after extensive antibiotic therapy can sometimes be more challenging than the simple changing of form of bacteria for another, as in the favoring of lactasecontaining bacteria. Nevertheless, the same regimen will generally work reasonably well, although some additional measures such as fecal transplantation may sometimes be required. For these individuals, as well as anyone wishing to improve tolerance, probiotics may be helpful in addition to the gradual buildup of milk intake.
Conclusions
Inadequate dietary intakes, and particularly diets low in dairy foods, are implicated in and undoubtedly contribute to the burden of chronic disease in the industrialized nations. Although dairy is not the only way to achieve nutrient adequacy, still, given available foods and eating patterns, low dairy diets are almost always inadequate not only in calcium, but in multiple other nutrients as well. The most straightforward and most economical way to correct these inadequacies is, thus, be increased dairy intake.
Lactose intolerance is a perceived barrier, or is at least an excuse, for low dairy intake. Lactose intolerance, when it is due to lactose maldigestion, is generally managed relatively easily and hence eliminates one of the barriers impeding the achievement of dietary adequacy. Eloquent testimony to this conclusion is provided by the 2 consensus statements produced by the National Medical Association (42, 43) , urging its members to adopt, for themselves, as well as for their patients, the DGA's 3 servings recommendation.
Action Outcomes
Health professionals, particularly primary care practitioners and physician assistants, need to be educated to recognize the importance of adequate nutrition, not so much as a specific guarantee of better health, but as an activity akin to preventive maintenance of a complex machine, with its benefits most often realized not in dramatically better performance today but in fewer breakdowns later on and in extended healthy life.
Health professionals need, also, to understand that calcium is a crucial part of dietary adequacy and that it is difficult to achieve that adequacy for most of their patients if dairy foods are not consumed in adequate quantity.
Finally, health professionals need to recognize that lactose intolerance, whether real or perceived, should not be a significant barrier to improving dietary adequacy. They should understand also that lactose intolerance becomes irrelevant if their patients are unlikely to drink milk, despite the relative ease with which symptoms can often be abated when they do so. Such individuals require special attention from nutrition professionals, as it is not a simple task to achieve dietary adequacy without dairy, given contemporary foods and eating patterns.
